Pseudomyxoma peritonei (PMP) is a condition characterized by the accumulation of mucinous material in the peritoneal cavity (gelatinous ascites). Several theories have been proposed to explain the pathogenesis of PMP including multifocal neoplasia of the peritoneum, ovaries, and appendix (1) , mucinous metaplasia of the peritoneum (2) , and metastasis, rupture, or leakage from a primary mucinous neoplasm of the ovary or appendix (3) (4) (5) (6) (7) (8) . Recent studies incorporating immunohistochemical stains such as cytokeratins (CK) 7, 17, 18, and 20, carcinoembryonic antigen (CEA), and HAM-56 and use of genetic analysis by polymerase chain reaction techniques have added strong support to the interpretation that almost all cases of PMP originate from primary appendiceal neoplasms (9 -14) Sporadic cases associated with tumors of the breast (15) , gallbladder and bile duct (16) , pancreas (17) , stomach and intestines (18, 19) , lung (20) , and urinary bladder (18) have been reported.
In a pivotal study, Ronnett et al. (21) suggested that the term PMP, to date, has been used inappropriately to describe a clinical entity arising from a morphologically heterogeneous group of benign and malignant pathologic lesions. They proposed abandoning PMP as a histologic diagnosis with separation of the clinical entity of GA into two histologic categories, disseminated peritoneal adenomucinosis (DPAM) and peritoneal mucinous carcinomatosis (PMCA) based on the histologic appearance of the neoplastic epithelium of the peritoneal lesions and the underlying primary tumor. Cases diagnosed as DPAM demonstrated abundant mucin containing scant strips of mucinous epithelium with minimal to moderate cytologic atypia and rare mitoses. The glandular epithelium was simple and nonstratified to focally proliferative. Cases diagnosed as PMCA had more abundant epithelium demonstrating marked cytologic atypia. This epithelium formed malignant glands or nests or occurred as individual malignant cells including signet ring cells. An intermediate category was also utilized to indicate specimens that demonstrated histologic features of both DPAM and PMCA as well as cases showing discordant features (21) . These cases were diagnosed as PMCA based on the finding of at least focal areas with more typical carcinomatous epithelium. Most cases with dual histologic features were derived from well-differentiated appendiceal or intestinal mucinous adenocarcinomas. Clinically, cases of DPAM were associated with superficial implants, rare parenchymal or nodal involvement and a more benign or indolent course characteristic of the clinical syndrome of PMP. Cases of PMCA were associated with more extensive lymph node involvement, parenchymal invasion, and metastases outside the abdominal cavity. The value of the categorization proposed by Ronnett was reflected in a statistically significant difference in survival between patients with DPAM, and PMCA (21) .
Other notable findings in this study included the following: 1) histologically identical cases of DPAM were associated with a variety of appendiceal neoplasms; 2) prognosis could be predicted from the appearance of the peritoneal lesions alone in cases with unknown primaries; 3) most recurrent lesions displayed the same histologic features seen in the primary tumor (DPAM only rarely progressed to PMCA); 4) in all cases of DPAM and PMCA with unknown primary tumors, the appendix was abnormal; 5) no cases of unequivocal ovarian origin were identified; and 6) the clinical condition of GA was almost always associated with a primary tumor of the GI tract (21) .
Although the histologic features of PMP have been well studied, the cytologic features remain ill defined (22) (23) (24) (25) (26) (27) (28) (29) (30) . We reviewed the cytologic features of peritoneal washings (PW) collected intraoperatively and the corresponding histology in 67 cases of PMP to 1) identify cytomorphologic features useful in distinguishing between DPAM and PMCA (21); 2) determine the sites of origin of DPAM and PMCA; and 3) evaluate the prognosis of DPAM and PMCA.
MATERIALS AND METHODS
Cytologic smears from PW and corresponding histologic specimens from 67 patients clinically diagnosed with PMP were retrieved from the files of the Department of Pathology at Wake Forest University Baptist Medical Center. A small subset of these patients has previously been reported (31) . PW fluid was collected intraoperatively and smears of the gelatinous material were fixed in 95% ethanol for Papanicolaou staining. In 56 of 67 cases, material was also available for cell blocks; it was fixed in 10% buffered formalin, embedded in paraffin, sectioned, and stained with hematoxylin and eosin. Histopathologic specimens were fixed in 10% buffered formalin, processed routinely, and stained with hematoxylin and eosin.
All cytologic smears and corresponding cell blocks were examined in a blinded fashion by one of the authors (KRG). Based on cytologic features alone, one of four diagnoses was made: 1) acellular mucin only; 2) DPAM; 3) PMCA; or 4) features of both DPAM and PMCA. Cytologic features that were specifically evaluated included presence or absence of glandular epithelium, size and arrangement of cellular groups, variation in cell size and shape, nuclear size and shape, nuclear chromatin distribution, hyperchromasia, presence or absence of nucleoli, nuclear-to-cytoplasmic ratio, presence or absence of mitoses and single neoplastic epithelial cells and the presence of extracellular mucin. The cytomorphologic features useful for diagnosing DPAM were variably sized, cohesive clusters or monolayered (honeycomb) sheets of cells with discrete cell borders, uniform small, round nuclei with smooth nuclear membranes and inconspicuous nucleoli. Mitotic figures and individual malignant neoplastic cells were not identified. Features for the cytologic diagnosis of PMCA included individual cells, small rounded three-dimensional clusters, or occasional, irregular sheets of cells with enlarged, overlapping nuclei with irregular nuclear membranes, irregular chromatin distribution, variably sized nucleoli, and malignant signet ring cells. Mitotic features were identified in some cases of PMCA (see Fig. 1 ).
After the cytologic diagnosis was established, the histologic sections were reviewed to determine the categorization of the peritoneal lesion (DPAM versus PMCA) using the criteria established by Ronnett et al. (21) . The histologic specimens were also examined to determine the site(s) of origin of PMCA and DPAM. In women in whom a primary tumor could not be identified and cases in which only an ovarian tumor was identified, immunohistochemical staining for CK7 and 20 was selectively applied to peritoneal implants and the ovarian tumor, when available, to determine the site of origin (9, 10) . Positive staining for both CK7 and 20 or CK7 positivity with negative staining for CK20 was considered consistent with origin from a primary ovarian tumor. Positive staining for CK20 and negative staining for CK7 was considered consistent with origin from a GI (appendiceal or colonic) mucinous neoplasm (9).
Antibodies and Immunostaining:
Information regarding antibodies used in this study including working dilutions and sources is summarized in Table 1 . Five-micron-thick sections were obtained from formalin-fixed, paraffinembedded tissue blocks. Immunohistochemical staining with monoclonal antibodies against CK7 and 20 and polyclonal anti-CEA antibodies was performed on the Ventana ES automated stainer (Ventana Medical Systems, Tucson, AZ) by using the enzyme-labeled avidin-biotin method after digestion with pronase. Immunohistochemical staining with polyclonal antibodies against calretinin was performed using the Zymed second generation LAB-SA detection system (Zymed Laboratories, Inc., San Francisco, CA) by using heat induced epitope retrieval and enzyme-labeled streptavidinbiotin amplification. Immunoreactivity was scored semiquantitatively as follows: 1ϩ (1 to 25% positive); 2ϩ (26 to 75% positive); 3ϩ (76 to 100% positive).
RESULTS
Sixty-seven cases of clinically diagnosed PMP included 32 women (47.7%) and 35 men (52.2%). The ages of the female patients at the time of diagnosis ranged from 24 to 89 years (mean, 56); the ages of the male patients ranged from 24 to 70 years (mean, 53). The presenting signs and symptoms were known in 47 patients: increased abdominal girth (24 patients), abdominal pain (16 patients), abdominal mass/hernia (5 patients), urinary frequency (1 patient), and constipation (1 patient). The majority of patients were treated with extensive tumor debulking followed by cytoreductive surgery with intraoperative intraperitoneal hyperthermic chemotherapy with Mitomycin C. Adjuvant systemic chemotherapy with a variety of agents (5-Fluorouracil, cisplatin, Taxol, CPT 11, and Topotecan) was used in a minority of patients. This small group of patients generally consisted of cases of PMCA of nonappendiceal origin and cases of recurrent or progressive disease (DPAM or PMCA) in which therapy with intraperitoneal hyperthermic chemotherapy was ineffective. Clinicopathologic findings are given in Tables 2 and 3 .
Of the men, eight (23%) of 35 cases were classified as DPAM on the basis of the PW cytology. All but one had an appendiceal mucinous (ApM) adenoma. Twenty-two cases (63%) were diagnosed as PMCA on the basis of PW cytology. Of these, eight cases (36%) had an ApM adenocarcinoma and six cases (27%) had mucinous adenocarcinoma of the large intestine. One case had a mucinous adenocarcinoma of the small bowel, one had a gastroesophageal junctional adenocarcinoma, one had a gastric adenocarcinoma, and one case had a pancreatic primary tumor. Four (30.7%) with PMCA did not have a known primary site. One case had cytologic features of both DPAM and PMCA. Histologic examination in this case revealed an ApM adenoma and a separate mucinous adenocarcinoma arising in the cecum. Two (8.7%) discordant cases occurred, each with a cytologic diagnosis of PMCA but with histology showing an ApM adenoma. Two (5.7%) specimens that contained only extracellular mucin were diagnosed as PMCA on tissue sections and had an ApMadenocarcinoma.
Of the women, 15 of 32 cases (46.8%) were classified as DPAM based on PW cytology. Of these, 12 (80%) had documented ApMadenomas and, of these, 10 exhibited synchronous bilateral ovarian mucinous (OvM) tumors. One patient with an ApMadenoma showed superficial involvement of the FIGURE 1. Comparison of peritoneal mucinous carcinomatosis (PMCA), low-grade peritoneal mucinous carcinomatosis, and disseminated peritoneal adenomucinosis (DPAM) cytology. PMCA showing marked increase in nuclear to cytoplasmic ratio, nuclear overlap, irregular cell borders, and large, irregular nucleoli (left). Intermediate or low-grade PMCA showing an irregular group border, increased N/C, nuclear crowding and overlap, and occasional, small nucleoli (middle). DPAM showing a smooth border, obvious mucin production, discrete cell borders with small nuclei without nucleoli or nuclear overlap (right). (26.4%) tumors of colonic origin, five cases (14.7%) with gastric primaries, and 1 case each from gastroesophageal, small bowel, pancreatic and endocervical primaries. Two cases in women showed immunohistochemical staining patterns consistent with origin from a GI primary, and four (11.7%) cases had an unknown primary tumor. Four cases (6.3%) had cytologic features of both DPAM and PMCA. Histologic sections in three of these showed a well-differentiated adenocarcinoma of the appendix arising in a mucinous adenoma. The fourth case had a mucinous adenoma of the appendix and a separate, well-differentiated mucinous adenocarcinoma arising in the cecum. Two discordant (2.9%) cases each with a cytologic diagnosis of PMCA had histology showing an ApMM adenoma. Acellular mucin alone was identified in four cases (5.9%), one of which was diagnosed histologically as DPAM of appendiceal origin, and three of which were diagnosed as PMCA two from an appendiceal primary and the other from a colonic primary.
In all cases containing epithelial cells and diagnosed as DPAM, uniform neoplastic cells occurred in flat sheets with smooth contours. Cell borders were discrete, and there were low nuclear to cytoplasmic (N/C) ratios. Nuclear membranes were smooth and nucleoli were absent or inconspicuous. Nuclear overlap was not a feature of DPAM. No mitoses were identified. Compared with cases diagnosed as PMCA, cases of DPAM had larger and more numerous epithelial clusters, whereas single neoplastic cells were not identified. Thus, it appears as if cohesion is better preserved in adenoma cells relative to frankly malignant glandular cells. In contrast to cases of DPAM, cases of PMCA were more heterogeneous cytologically. Epithelial clusters tended to be smaller, fewer in number, and most had a three-dimensional configuration, as compared with the flat sheets seen in DPAM. Hyperchromatic, obviously malignant nuclei with clumped chromatin and prominent, occasionally multiple nucleoli were seen in some cases. Other cases demonstrated only indi- vidual malignant signet ring cells or individually dispersed cells with eccentric, enlarged hyperchromatic nuclei, prominent nucleoli, clumped chromatin, irregular nuclear membranes and delicate pale cytoplasm often containing vacuoles. In occasional cases, the neoplastic cells in PMCA occurred in flat monolayered sheets.
Compared with those of DPAM cases, these sheets were smaller, had irregular outlines, showed obvious nuclear overlap, elevated N/C ratios, and most cells contained small to prominent nucleoli. These cases were diagnosed as PMCA but had cytologic features that suggested a lower grade lesion than cases having overtly malignant features. Despite this finding, no distinction was made between low and high-grade lesions. All were called PMCA.
Mesothelial cells were usually easily identified. However, in occasional cases, the identification of cells as being mesothelial in origin rather than epithelial was difficult if not impossible. When cell block material was available, immunohistochemical staining with CEA and calretinin was used to make this distinction. When the distinction could not be made with some degree of certainty, based on cytologic features or using immunohistochemistry, the cells were considered mesothelial in origin.
DISCUSSION
PMP is a term originally used to describe the clinical syndrome of GA associated with a ruptured cystadenoma of the ovary (32) . In 1901, Fraenkel first associated PMP with a ruptured mucocele of the appendix (33) . Since then, a heterogeneous group of mucinous tumors, both benign and malignant, from various sites have been associated with the syndrome (15) (16) (17) (18) (19) (20) . As a result, PMP has been considered a slowly progressive disease associated with frequent recurrences and an unpredictable prognosis.
Recently, Ronnett et al. (21) suggested that the term PMP be used only as a clinical descriptor for GA. They proposed a new classification system based on the morphologic features of the epithelium identified in peritoneal implants and on the nature of the underlying lesion. The category designated "disseminated peritoneal adenomucinosis" described lesions containing abundant extracellular mucin associated with simple to focally proliferative epithelium with minimal cytologic atypia and mitotic activity. The vast majority of these cases were attributed to ruptured appendiceal adenomas. The category of "peritoneal mucinous carcinomatosis" described peritoneal lesions also containing abundant extracellular mucin but with more abundant epithelium that showed sufficient cytologic atypia and architectural complexity to warrant a diagnosis of carcinoma. Most of these cases were attributed to GI malignancies. A third category, termed "peritoneal mucinous carcinomatosis with intermediate or discordant features" was used to describe cases that showed predominantly features of DPAM but also had focal areas of carcinoma. These cases were often associated with welldifferentiated mucinous adenocarcinomas of the appendix. The discordant category described cases that had carcinomatous peritoneal lesions associated with appendiceal adenomas that did not show carcinomatous transformation.
Using this histologic classification system, clinical and prognostic differences were noted. DPAM was clinically characterized by superficial, noninvasive peritoneal implants and only rarely with parenchymal or nodal involvement. No cases were associated with extra-abdominal metastases. In contrast, invasive peritoneal implants, parenchymal invasion, lymph node metastases and metastases outside the abdominal cavity characterized PMCA. Prognostically, a marked stratification was noted in the survival rates among the categories. Age-adjusted 5-year survival for the DPAM category was 43%, that for PMCA was 7% and the intermediate/discordant category had a rate of 38% (21) .
Although the histologic features of PMP have been well studied, the cytologic features remain ill defined. Recent cytologic studies, of small series, have emphasized the usefulness of neoplastic epithelial cells, reactive mesothelial cells, acellular mucin, histiocytes and spindle cells in making the diagnosis of PMP (22) (23) (24) (25) (26) (27) (28) (29) (30) . However, few reports detail the cytomorphologic features of the epithelial cells in GA. We identified acellular mucin, reactive mesothelial cells and histiocytes in most of our cases but, similar to Shin et al. (25) we identified epithelial cells in the majority of specimens.
Using the histologic classification system of Ronnett et al. (21) as a template, we evaluated the cytologic features of epithelial cells in PW from patients diagnosed clinically with PMP. Based on our set of cytologic features, we divided cases into DPAM and PMCA. Intermediate cases with features of both DPAM and PMCA were identified, as well as, discordant cases in which the cytologic features were not in concordance with the histologic findings. Similar to the findings of Ronnett et al. (21) , we noted prognostic and behavioral differences between the groups.
Most cases of DPAM were attributed to an appendiceal adenoma. These cases showed more abundant epithelium in cytologic preparations when compared with cases of PMCA, presumably because of the superficial nature of the implants in DPAM as opposed to the invasive implants in PMCA. In women who had mucinous ovarian tu-mors but in whom the appendix was not available, immunohistochemical staining of peritoneal and ovarian lesions with CK7 and 20 all showed patterns consistent with origin from an appendiceal primary (9) . No cases of unequivocal ovarian origin were identified. Peritoneal implants were noninvasive and parenchymal and nodal involvement were rare.
Most cases of PMCA were associated with an identifiable appendiceal or GI mucinous adenocarcinoma. Again, peritoneal implants in women with mucinous ovarian tumors for whom no appendix was available showed immunohistochemical staining patterns consistent with a gastrointestinal origin. No cases of PMCA were of ovarian origin. Peritoneal implants were invasive and often associated with parenchymal invasion and lymph node metastases.
Four cases demonstrated features of both DPAM and PMCA. These patients appeared to have a prognosis intermediate between DPAM and PMCA although the small number of cases limits significant evaluation. Acellular specimens diagnosed histologically as either DPAM or PMCA seem to have a slightly better prognosis than cellular specimens in the same histologic category although the number of cases is too small to draw any firm conclusions. Also similar to findings of Ronnett (21) , in cases with multiple recurrences, the cytologic features of the epithelium did not appear to change over time.
Some authors suggest that the presence of epithelial cells outside the appendix alone is sufficient for the diagnosis of malignancy (34 -36) . In this report we assume, as other authors have (21, 37, 38) , that PMP may result from both benign and malignant primary lesions and that the associated epithelial cells within the GA fluid may also be either benign (DPAM) or malignant (PMCA). For the diagnosis of adenocarcinoma arising in the appendix, we required the presence of cytologically malignant glands, nests or single cells invading the appendiceal wall and showing a desmoplastic response. Epithelial cells, nests and glands within the appendiceal wall or within peritoneal implants alone were insufficient for a diagnosis of carcinoma.
Early cytologic reports proposed that the condition of PMP could be rendered by virtue of the background material of mucin, mesothelial cells and reactive fibroblasts, in smears from ascitic fluid (24, 28) . Other reports suggested that the presence of epithelial cells in peritoneal fluid may be associated with a worse prognosis or higher recurrence rates that acellular specimens (23) . Based on our data, we propose that the presence of epithelial cells alone is not prognostically significant in cases of GA. Instead, it is the cytologic classification of the epithelial cells as either adenomatous (DPAM) or carcinomatous (PMCA) that is prognostically significant. This categorization results in two distinct categories of disease, each associated with different biologic behaviors and prognosis. We also noted that epithelial cells were identified in 94% of cases, and concordance with the histologic diagnosis was attained in 97% of cases. Thus, PW cytology can effectively be used, as an aid in the correct categorization of PMP as either DPAM or PMCA, and this categorization appears to have prognostic implications. When comparing this study with others on the subject, the prevalence of epithelial cells in our study may be a reflection of the specimen collection method, namely peritoneal washing and not spontaneous ascitic fluids used in other studies.
